Behavioral, electrophysiological, and anatomical evidence suggests that retrosplenial (RS) cortex (areas RSA and RSG) plays a role in spatial navigation. This conclusion has been questioned in recent work, suggesting that it is damage to the underlying cingulum bundle (CG) (areas CG and IG), and not RS, that disrupts spatial place learning (Aggleton et al., 2000) .
Evidence suggests that retrosplenial (RS) cortex (areas RSA and RSG) plays a role in spatial behavior. Magnetic resonance imaging studies show that there is RS activation during spatial problem solving (Mesulam et al., 2001) and that damage to RS cortex results in impaired spatial problem solving (Maguire, 2001) . Behavioral studies have also shown impairments in a variety of spatial navigation tasks after RS lesions (Pohl, 1973; DeRenzi, 1982; Pandya and Yeterian, 1984; Sutherland et al., 1988; Kolb et al., 1994; Wozniak et al., 1996; Ennaceur et al., 1997; Maaswinkel et al., 1999; Cooper and Mizumori, 2001; Whishaw et al., 2001 ). Single-cell recording studies in freely moving animals demonstrate RS cortex cells are responsive to an animal's orientation, its spatial location, and spatial movements (Chen et al., 1994a,b; Cho and Sharp, 2001) . Anatomical studies indicate that there are reciprocal connections between RS cortex and neocortex and between RS cortex and a number of structures in the hippocampal formation, including the subiculum, the entorhinal and perirhinal cortices, and area CA3 of the hippocampus proper (Vogt and Miller, 1983; Pakhomova and Akopian, 1985; Wyss and Van Groen, 1992) . Taken together, these studies support a role for RS in bridging neocortical and limbic structures involved in spatial navigation. Thus, damage to RS may result in spatial impairments by way of a disconnection (Geschwind, 1965) .
The cingulum bundle (CG), lying directly beneath the RS, has also been linked anatomically to the hippocampal formation as part of the Papez (1937) circuit. Given contemporary evidence that the hippocampal formation has spatial functions, this pathway may also be involved in spatial behavior. Recent lesion studies have supported this suggestion Warburton et al., 1998; Aggleton et al., 2000) . Indeed, these same studies suggest that it is only the CG and not the RS that has spatial functions. The authors of these studies have proposed that the spatial place learning deficits observed in previous lesion studies resulted from inadvertent damage to the underlying CG accompanying an RS lesion and not from damage to RS itself.
There are three differences between those studies that report that cingulate cortex has spatial functions (Sutherland et al., 1988; Palmer et al., 1993; Whishaw et al., 2001 ) and those studies that fail to confirm this (Warburton et al., 1998; Aggleton et al., 2000) . First, studies reporting no deficit used cell-specific neurotoxic lesions that were somewhat smaller than the suction ablations used in studies reporting deficits. Thus, differences in cell versus fiber damage and/or lesion size may have contributed to the difference in experimental findings. This explanation is unlikely to account for contradictory claims because crossed suction and neurotoxic lesions have been shown to impair spatial performance (Sutherland and Hoesing, 1993) . Second, studies reporting no deficit used the swimming pool place task in which a rat learns to swim to a single location, whereas studies reporting a deficit used both the place task and a matching-to-place task, in which a rat learns a number of place locations. The former task is sensi-tive to both spatial and nonspatial deficits , whereas the latter task is a more selectively spatial task (Whishaw, 1985b) . Third, the studies failing to report RS deficits on spatial tasks used the Dark Agouti rat strain, whereas studies that report RS deficits use the Long-Evans rat strain. An examination of the acquisition curves produced by the different rat strains in the two sets of studies suggest that the Long-Evans rat strain displays superior spatial learning to Dark Agouti rats. Before the idea that the RS has spatial functions is dismissed, the possibility that task and/or strain differences is responsible for the difference in experimental results must be examined.
Our objective in the present study is to revisit the role of RS in spatial navigation by: (1) comparing the performance of rats with selective suction lesions of the RS to the performance of rats with suction lesions of both RS and CG, (2) assessing the performance of the animals on the place task and the matching-to-place task, and (3) comparing the effects of the lesions on the place task and the matching-to-place task in both Long-Evans and Dark Agouti rat strains.
MATERIALS AND METHODS
Subjects. Fifty-four male L ong-Evans rats (University of Lethbridge vivarium) ϳ90 d old, weighing between 260 and 490 gm, and 15 male Dark Agouti rats (Bantin and K ingman Universal, Fremont, CA) ϳ90 d old, weighing between 190 and 230 gm, were used in the experiments. For all experiments, subjects were housed in groups of four or five individuals in hanging wire mesh cages. Room temperature was maintained at 20 -21°C, and lighting was on a 12 hr light /dark cycle (8:00 A.M. 8:00 P.M.). Food and water were provided ad libitum. The subjects either received a retrosplenial cortex suction lesion, a combined retrosplenial cortex and cingulum bundle suction lesion, or no lesion.
Surger y. For all experiments the rats were anesthetized with sodium pentobarbital (58.5 mg / kg). The cortex was exposed by removing a long piece of skull 2 mm wide on either side of the midline, such that a strip of bone ϳ2 mm wide remained over the sagittal sinus. The dura was incised with a number 11 scalpel. For the retrosplenial cortex lesions, the pia matter was wiped away along with the blood vessels, and using suction, the superficial gray matter was gently removed. The lesion did not penetrate to the underlying white matter, the cingulum bundle, or the underlying hippocampus. For the combined retrosplenial cortex and cingulum bundle lesions, the ablation included all of the gray matter, and when the underlying white matter was visualized, the dorsally protruding cingulum bundle was removed. The lesion did not include the corpus callosum or hippocampus. After hemostasis, the skin was sutured.
Histolog y. At the completion of the experiments, the rats were anesthetized and perf used intracardially with 0.9% buffered saline followed by 4% paraformaldehyde (PFA) and 14% saturated picric acid (PA) in 0.1 M PO 4 buffer, pH 6.9. The brains were weighed and stored in the PFA-PA solution for at least 48 hr. The brains were then cut at 50 m on a Vibratome (TPI Inc, St. L ouis, MO). Every tenth section was mounted and stained with cresyl violet.
Swimming pool apparatus. The swimming pool was located in a test room (287-cm-wide ϫ 533-cm-long ϫ 244-cm-high) in which many cues, including counters, cupboards, posters, etc., were present. A 156-cmdiameter and 46-cm-high, round white swimming pool positioned 14 cm above the floor, was filled to a depth of 25 cm with 21-22°C water that was made opaque by the addition of 750 cm 3 of powdered milk (Sutherland et al., 1983) . A clear Plexiglas platform with an 11 cm 2 top could be placed in the pool so that the top of the platform was located 1 cm below the surface of the water, where it was not visible to a viewer on the surface of the water. The surface of the platform was serrated, so that the rats could obtain purchase as they climbed onto it. The performance of the animals in the swimming pool was tracked using a video cameracomputer-based tracking system (San Diego Instruments, San Diego, CA) that plots the rats' swimming latency, swim trajectory, swimming distance, swimming accuracy, and swimming heading. The results were analyzed using ANOVA for repeated measures (Winer, 1962) .
Place task . Animals were tested two trials per day for 10 consecutive days, with the platform always located in the center of the southwest quadrant of the swimming pool (Morris et al., 1982) . A trial consisted of placing a rat by hand into the water, facing the wall of the pool, at one of four starting positions (north, south, east, and west) around the perimeter of the pool. The four different start positions were distributed equally among all the subjects on each trial, with the order of start positions for any given subject occurring in a random manner. If on a particular trial a rat found the platform, it was permitted to remain on the platform for 10 sec. If after 90 sec the rat failed to find the platform, it was then guided to the platform and permitted to remain there for 10 sec. At the end of the trial the rat was returned to a holding cage, and ϳ10 -20 min elapsed before beginning the next trial. After two trials the animals were returned to their home cages, and the same procedure was repeated the next day. Measures of swim latency (time to find and mount the escape platform), swim distance, and swimming error were recorded. Swimming error was measured as the inability of a rat to swim in a relatively direct path from the start position to the location of the hidden platform, (Whishaw, 1985a) . A correct score (assigned a value of 0) was obtained when the subject swam directly to the platform while remaining within an 18-cm-wide corridor, extending from the start location to the platform. Any deviation from a direct swim in a relatively straight line within the corridor resulted in an incorrect score (given a value of 1).
Probe trial. On the eleventh day of testing, the rats were given a probe trial (Sutherland et al., 1983) . For the probe trial the platform was removed from the tank, and the animal was allowed to swim for 60 sec. Probe trials were analyzed using a preference analysis (Brown et al., 2000) . The quadrant in which the platform had been located during previous trials was designated as the target quadrant ( T). The swim times in the remaining three quadrants (A, B, C) were then subtracted from the swim time in the target quadrant, and the resultant scores were added, and their average was derived according to the following formula: probe preference score
Swimming error during the probe trial was measured as the inability of a rat to swim in a relatively direct path from the start position to the now vacant location of the hidden platform, which was removed for the probe trial (Whishaw, 1985a) . A correct score (assigned a value of 0) was obtained when the subject swam directly to the platform while remaining within an 18-cm-wide corridor, extending from the start location to the platform. Any deviation from a direct swim in a relatively straight line within the corridor resulted in an incorrect score (given a value of 1).
Matching-to-place task . Animals were tested two trials per day for 5 consecutive days, with the platform moving to a new location each day (Whishaw, 1985b) . The starting position for a given subject remained the same for both trials on a given day. Again the four start positions occurred in a random order for a given animal and were equally distributed among the subjects. The rats were placed into the pool in the same manner as for the place task. During the matching-to-place task, however, the rats were required to swim until they found the platform, where they remained for 10 sec, and were then placed in a holding cage for 20 sec before beginning trial 2.
V isual acuit y gratings test. L ong-Evans control rats (n ϭ 3), L ongEvans retrosplenial rats (n ϭ 6), and Dark Agouti control rats (n ϭ 4) were tested in a water based Y-maze where the correct side (side containing the escape platform) was cued by the presence of black and white gratings (Prusky et al., 2000) . The animals were tested at consecutively higher spatial frequencies of the gratings until they failed to meet a criterion of 80% correct choices.
Procedure. Three experiments were conducted. RS lesions versus RS ϩ CG lesions. Naive L ong-Evans rats were given either a RS suction lesion (n ϭ 8) or a RS ϩ CG suction lesion (n ϭ 9) and compared with naive L ong-Evans control rats (n ϭ 10) on the place task, the probe trial, and the matching to place task.
Pretraining on the place and matching-to-place task s. T wo groups of animals, a L ong-Evans control group (n ϭ 11) and a L ong-Evans RS group (n ϭ 9), were used to assess the contributions of possible nonspatial impairments that may result from RS surgery. The groups were trained on the place task, given the probe trial, and trained on the matching-to-place task before RS surgery, and then the same training was given after surgery.
Long-Evans and Dark Agouti strain comparison. Three groups of animals, Dark Agouti RS rats (n ϭ 6), Dark Agouti control rats (n ϭ 9), and L ong-Evans control rats (n ϭ 6), were used to compare strain differences on the place task, the probe trial, and the matching-to-place task. Nonspatial errors were also monitored during the place task . These behaviors included diving behavior (diving below the surface of the water during a trial), floating (periods of no swimming lasting three seconds or greater), platform deflections (failing to detect the platform upon contact), mounting error (a delay of one second or greater in mounting the platform upon contact), and jumping ( jumping off the escape platform). Each instance of any nonspatial error was given a score of 1; nonspatial scores were summed across all errors for each group and analyzed using an ANOVA.
RESULTS

Histological results
The RS lesions were not as extensive as typical suction ablation lesions of this area (Sutherland et al., 1988; Whishaw et al., 2001 ). The lesions were, however, selective to posterior cingulate cortex with no apparent damage to the underlying cingulum bundle, corpus callosum, or hippocampus, as illustrated in Figure 1 B.
The combined RS ϩ CG lesions were more extensive in the removal of retrosplenial cortex yet still resulted in no apparent damage to the underlying hippocampus (Fig. 1C) .
Experiment: RS lesions versus RS ؉ CG lesions Place task
The control rats showed a rapid decrease in latency to find the platform, such that by the fifth trial, they were performing near an asymptotic level of accuracy (Fig. 2) . The RS and the RS ϩ CG groups also demonstrated an improved performance in reaching the hidden escape platform, although both groups were impaired relative to controls. Because neither the RS nor the RS ϩ CG groups appeared to be performing at asymptotic levels after 10 trials, all the groups were given a further 10 trials to the same location. A repeated measures (one within, one between) ANOVA for the measure of latency showed a significant group difference (F (2,24) ϭ 14.842; p Ͻ 0.05), a significant trial effect (F (19,456) ϭ 23.044; p Ͻ 0.05), and a significant group ϫ trial interaction (F (38,456) ϭ 2.288; p Ͻ 0.05). A Student-NewmanKeuls (SNK) post hoc test ( p Ͻ 0.05) gave significant group differences: control Ͻ RS, control Ͻ RS ϩ CG, and RS ϭ RS ϩ CG. A repeated measures (one within, one between) ANOVA for swim distance reflected the analysis of latency with a significant group effect (F (2,24) ϭ 18.658; p Ͻ 0.05), a significant trial effect (F (19,456) ϭ 18.785; p Ͻ 0.05), and a significant group ϫ trial interaction (F (19,456) ϭ 2.337; p Ͻ 0.05). An SNK post hoc test ( p Ͻ 0.05) showed that the two experimental groups were both significantly different from the control group, but not from each other: control Ͻ RS ϭ RS ϩ CG. The control subjects also made fewer swimming errors en route to the platform. A repeated measures (one within, one between) ANOVA for swimming error showed a significant group difference (F (2,24) ϭ 13.127; p Ͻ 0.05) with an SNK post hoc test showing the differences to be: control Ͻ RS ϭ RS ϩ CG.
The average swimming speed (swim distance/latency) for each group of rats was also compared to rule out the possibility that the longer latencies for the experimental groups were the result of a simple motor deficit affecting swimming. A repeated measures (one within, one between) ANOVA for swimming speed showed no significant difference between any of the groups (control: mean ϭ 35.978 cm/sec; SE ϭ 0.614; RS: mean ϭ 36.732 cm/ sec; SE ϭ 0.461; RS ϩ CG: mean ϭ 39.226 cm/sec; SE ϭ 0.490; F (2,24) ϭ 1.869; p Ͼ 0.05).
Probe test
An ANOVA for the target quadrant preference measure on the probe trial (Fig. 3A) showed no significant group differences. There was, however, a group effect for the number of target crossings (F (2,24) ϭ 4.167; p Ͻ 0.05) (Fig. 3B ). An SNK post hoc test revealed the group differences as: RS Ͼ RS ϩ CG ϭ control. That the RS group performed more target crossings is somewhat surprising, but not entirely unexpected. Brain damaged subjects have previously been shown to spend significant amounts of time in the target quadrant on a probe trial (Whishaw and Jarrard, 1995) . Furthermore, it is possible that a strategy of circling in the correct quadrant will inadvertently produce elevated scores on the measure of target crossings. Thus, in the context of the other behavioral measures, it is more likely that the elevated target crossing scores are the result of a search strategy than an enhancement of spatial learning. There were no significant group differences for the number of direct swimming errors (Fig. 3C) .
Matching-to-place task
Optimal performance on the matching-to-place task is characterized by the ability of a subject to learn the new location of the hidden platform in one trial. This is demonstrated behaviorally in normal subjects by elevated trial 1 latencies (an indication of searching out the previous days' location of the hidden platform) followed by significantly reduced trial 2 latencies (an indication of having learned the new platform location). A repeated measures (two within, one between) ANOVA for the measure of latency on the matching to place task showed no significant group effect, but did show a significant effect of trial (F (1,24) ϭ 45.291; p Ͻ 0.05) and a significant group ϫ trial interaction (F (2,24) ϭ 5.615; p Ͻ 0.05). These findings of no overall group effect accompanied by a trial effect and group ϫ trial interaction prompted a further analysis of the group ϫ trial interaction. A repeated measures (one within, one between) ANOVA for the trial 1 latencies showed no significant group differences (Fig. 4) . A repeated measures (one within, one between) ANOVA for the trial 2 latencies, however, showed a significant group difference (F (2,24) ϭ 8.684; p Ͻ 0.05) (Fig. 4) , with an SNK post hoc test showing the group differences on trial 2 of the matching-to-place task to be: control Ͻ RS ϭ RS ϩ CG. These results demonstrate superior one trial learning for a new platform location by the Long-Evans control group in the matching-to-place task.
Pretraining in the swimming pool and RS lesions Place task
A repeated measures (two within, one between) ANOVA for latency over the two testing phases showed a significant group effect (F (1,18) ϭ 5.215; p Ͻ 0.05) with Long-Evans control Ͻ Long-Evans RS, but no group ϫ testing phase or group ϫ trial interactions; it did show however, a significant group ϫ trial ϫ testing phase interaction (F (9,162) ϭ 1.932; p Ͻ 0.05). The lack of a significant group ϫ testing phase interaction is attributable to the fact that both groups show improvement in latencies after surgery. This is most likely the result of the carryover effects for the nonspatial components of the swimming pool task and should in no manner suggest a beneficial effect of surgery on the place task. It does suggest however, that the RS lesion does not disrupt learned nonspatial components of the swimming pool task. Evidence for this can be seen in latency scores on the first two trials after surgery (Fig. 5, Retention) where the trial 1-trial 2 performance of the control group and the RS group is very similar to the trial 1-trial 2 patterns these groups display during the matching-to-place task. In other words, even after the 10 d interval between testing, the LE control animals still display spatial memory for the previous platform location on the first trial of postsurgery testing and are quickly able to learn the new location, whereas the Long-Evans RS animals show no indication of memory for the old location on the first trial nor any improvement to the new location on subsequent trials. Thus, there appears to be an important difference between the groups that is masked by the carryover or savings issues that accompany a within-subject experimental design. The significant group effect and the significant group ϫ trial ϫ testing phase interaction also support this idea and suggest further individual ANOVAs of presurgery performance and postsurgery performance to be appropriate.
When considered alone, the presurgery performance on the place task was identical between the Long-Evans control group and the Long-Evans RS group (Fig. 5) . A repeated measures (one within, one between) ANOVA for the swim latencies showed a significant trial effect (F (9,162) ϭ 23.548; p Ͻ 0.05), but no group effect nor group ϫ trial interaction, as would be expected. After surgery, however, the performance of the LongEvans control group was superior to that of the Long-Evans-RS group (Fig. 5) . A repeated measures (one within, one between) ANOVA for latency on the post-surgery place task showed a significant group effect (F (1,18) ϭ 9.735; p Ͻ 0.05), a significant trial effect (F (9,162) ϭ 4.909; p Ͻ 0.05), and a significant group ϫ trial interaction (F (9,162) ϭ 3.300; p Ͻ 0.05).
The measure of swimming error supported the finding that the Long-Evans RS group was impaired after surgery. A repeated measures (two within, one between) ANOVA for swimming error showed a significant group difference (F (1,18) ϭ 16.947; p Ͻ 0.05) and a significant group ϫ testing phase interaction (F (1,18) ϭ 5.650; p Ͻ 0.05). Further analysis showed no group differences during presurgery testing, but did show a significant group effect for postsurgery testing (F (1,18) ϭ 17.056; p Ͻ 0.05). 
Probe test
A repeated measures (one within, one between) ANOVA failed to show a group ϫ testing phase interaction for the spatial preference score (Fig. 6 A) and for the number of platform crossings (Fig. 6 B) , but did show a significant group ϫ testing phase interaction for swimming errors. A one-factor ANOVA showed the significant group ϫ trial interaction to be the result of the Long-Evans RS group, making significantly more direct swimming errors after surgery (F (1,16) ϭ 28.000; p Ͻ 0.05) (Fig. 6C) .
Matching-to-place
Before surgery both Long-Evans groups were able to demonstrate one-trial learning on the matching-to-place task equally well (Fig. 7) . After surgery, however, the RS group performed much worse on the task. These observations were confirmed by a repeated measures (three within, one between) ANOVA for latency that showed a significant group ϫ trial ϫ testing phase interaction (F (1,18) ϭ 4.837; p Ͻ 0.05). Further analysis revealed this interaction to be the result of a significant group ϫ trial interaction (F (1,18) ϭ 6.627; p Ͻ 0.05) during the postsurgery phase of testing as the result of no one trial learning being demonstrated by the Long-Evans RS group.
Long-Evans and Dark Agouti strain comparison Place task
All three groups (Long-Evans control, Dark Agouti control, Dark Agouti RS lesion) showed some improvement over trials during the place task, however, the Long-Evans control group demonstrated a significantly more rapid decrease in latency to find the hidden platform compared with both the Dark Agouti RS group and the Dark Agouti control group (Fig. 8) . Performance between the Dark Agouti control and Dark Agouti RS group was not significantly different. A repeated measures (one within, one between) ANOVA for the measure of latency showed a significant group difference (F (2,18) ϭ 6.549; p Ͻ 0.05), a significant trial effect (F (9,162) ϭ 13.399; p Ͻ 0.05), but no significant group ϫ trial interaction. An SNK post hoc test showed the group differences as: Long-Evans Ͻ Dark Agouti control ϭ Dark Agouti RS.
Long-Evans rats also committed significantly fewer swimming errors during the swim trajectory to the platform (F (2,18) ϭ 9.247; p Ͻ 0.05) with an SNK post hoc test showing the significant differences to be: Long-Evans Ͻ Dark Agouti control ϭ Dark Agouti RS.
Probe test
An ANOVA for the target quadrant preference measure on the probe trial (Fig. 9A) showed a significant group difference (F (2,18) ϭ 5.772; p Ͻ 0.05). An SNK post hoc test revealed the group differences as: Dark Agouti control Ͼ Dark Agouti RS. Significant group differences were also observed on the measure of target crossings (F (2,18) ϭ 5.860; p Ͻ 0.05) ( Fig. 10 B) ; an SNK post hoc test revealed the differences as: Long-Evans Ͼ Dark Agouti control ϭ Dark Agouti RS. There was a significant group effect for direct swim errors as well (F (2,18) ϭ 4.352; p Ͻ 0.05) (Fig. 9C) ; an SNK post hoc test showed the differences to be: LE Ͻ Dark Agouti RS. The performance of the Dark Agouti control subjects on the probe test is of interest as this group demonstrates a strong preference for the correct quadrant, yet scores significantly worse than the Long-Evans group on the number of target crossings. These results suggest that although the Dark Agouti rats have learned something about the general location of the platform in the pool, they have not learned the exact location.
Matching-to-place
Only the Long-Evans group and the Dark Agouti control group demonstrated the ability to learn the new platform location in one trial (Fig. 10) . Performance by the Dark Agouti RS group was impaired relative to the other groups. A repeated measures (two within, one between) ANOVA for the measure of latency showed no significant group differences overall, but did show a significant trial effect (F (1,18) ϭ 40.975; p Ͻ 0.05), and a significant group ϫ trial interaction (F (2,18) ϭ 8.261; p Ͻ 0.05).
Nonspatial errors in the place task
The Long-Evans group displayed very few nonspatial errors during the place task. Errors committed by the Long-Evans group were restricted to deflections and floating. Both the Dark Agouti control and the Dark Agouti RS groups displayed nonspatial errors of every category. An ANOVA for the nonspatial error scores showed a significant group effect (Long-Evans: mean ϭ 0.833; SE, 0.543; Dark Agouti control: mean, 3.889; SE, 0.696; Dark Agouti RS: mean ϭ 4.667; SE, 0.843; F (2,18) ϭ 6.273; p Ͻ 0.05). An SNK post hoc test showed the group differences to be: Long-Evans Ͻ Dark Agouti control ϭ Dark Agouti RS.
Visual acuity
The gratings test showed that the L ong-Evans control and RS groups had equal and normal visual acuity (F (1,7) ϭ 1.185E Ϫ 4; p ϭ 0.9916) and that the visual acuity of L ong-Evans and Dark Agouti rats was also not different (F (1,5) ϭ 0.457; p ϭ 0.529) (Fig. 11) .
DISCUSSION
A re-examination of the role of the RS in spatial navigation in two swimming pool tasks confirmed that selective lesions limited to this structure impairs spatial behavior. Both naive animals and animals that had been pretrained before receiving lesions were impaired in the acquisition-performance of a place task and were also impaired on a matching-to-place task. Concomitant CG damage did not increase the severity of the spatial deficits. Results of other studies (Warburton et al., 1998) , suggesting that RS is not involved in spatial behavior are shown to be attributable to the use of a rat strain in which the spatial impairment is masked by an innate nonspatial impairment and a failure to use a stringent testing method. Thus, the present results are definitive in indicating that RS cortex participates in spatial learning, perhaps Figure 5 . Latency (mean and SE) per trial by control and retrosplenial (RS) rats, over 10 trials on a place task in a swimming pool both before surgery (Acquisition) and after surgery (Retention). The high control latency trial 1 score on Retention reflects their retention of the last matching-to-place trial. ‫ء‬p Ͻ 0.05. via reciprocal anatomical connections between cortical areas and the hippocampal formation (Vogt and Miller, 1983; Pakhomova and Akopian, 1985; Wyss and Van Groen, 1992) .
The present study was prompted by two seemingly irreconcilable sets of results concerning the role of RS in spatial learning. The results of one set of studies (Sutherland et al., 1988; Whishaw et al., 2001 ) suggest that RS is involved in spatial navigation. Rats with suction ablations of RS were impaired in learning the Morris place task (Morris et al., 1982) , a task requiring that they find a stationary hidden platform in a swimming pool. The rats were also impaired in the more demanding matching-to-place task that required that they learn to find the platform at a number of new locations, responses that are learned by normal rats in a single trial (Whishaw, 1985b) . In the second set of studies, (Warburton et al., 1998) , rats received neurotoxic lesions of the RS and were tested in only the place task. The rats are reported to have no impairment in place learning. To explain these strikingly different results, the latter studies also used animals with CG lesions alone and did find a deficit on the place task with the CG lesion. They suggest, therefore, that the suction ablations used by the former group produced spatial deficits because the lesions included the CG.
In the first portion of the present study we reexamined the claim (Neave et al., 1994; Aggleton et al., 1995; Warburton et al., 1998; Aggleton et al., 2000) that selective RS lesions produce no spatial deficit on the place task. We removed RS alone by stripping the meninges and restricting the suction removal to the superficial gray matter. CG was additionally removed by first removing the gray matter and then removing the most superficial portion of the white matter. Histological analysis confirmed that the desired lesions were achieved. The results of the behavioral tests showed that both RS and RS ϩ CG lesions produced an impairment in the place task. Although impaired, both groups did show improvement with training, as indicated both by reduced times in locating the platform and heightened searches of the previously correct quadrant of the pool in a probe trial with the platform removed from the pool. The finding that RS lesions did produce a deficit in spatial learning is consistent with the first set of studies (Sutherland et al., 1988; Whishaw et al., 2001) , not the second set of studies (Warburton et al., 1998) . In addition, the rats with RS lesions were impaired in the matching-to-place task, a result also consistent with the first set of studies. Furthermore, these results strengthen the likelihood of RS being part of a neural circuit mediating spatial learning and memory as the working memory and reference memory impairments observed in the RS group coincide with similar memory impairments observed in other components of this circuit such as the hippocampal formation (Shapiro, 2001) .
To reconcile the disparate results in these two sets of studies, we examined the possibility that the use of different strains of rats might have been a contributing factor. The first set of studies, and the first experiment of the present study, used Long-Evans rats. The rats used in the second set of studies were of the Dark Agouti strain. Our attention to possible rat strain differences was prompted by the more rapid learning displayed by the LongEvans as compared with the Dark Agouti rats in the respective studies. When we compared Dark Agouti control rats to Dark Agouti rats with RS lesions on the place task in the present study, we found no difference between the groups, and both were significantly inferior to a Long-Evans control group. That is, we confirmed that Dark Agouti rats with a RS lesion are not impaired, but we also found that the Dark Agouti strain was impaired in learning the place task relative to Long-Evans strain.
Despite the fact that we found that the Dark Agouti rats with RS lesions were not impaired in acquiring the place task relative to Dark Agouti control rats, we did find that the Dark Agouti RS group was impaired relative to the Dark Agouti control group on the matching-to-place task. Thus, we were able to demonstrate that although rats of this strain with RS lesions were not impaired in simple place acquisition relative to their control group, they were impaired in the more demanding matching-to-place task.
To understand why a rat strain difference could manifest itself in the place task and not in the matching-to-place task, it is important to recognize that neither task is selective for place learning. To learn the place task, rats must engage in considerable nonspatial learning (Whishaw, 1985a; Cain and Saucier, 1996) . That is, they must learn to swim about the pool in search of an escape route, they must learn to swim away from the wall of the pool, and they must learn that when they encounter the platform it is the only escape route, etc. Only once they have acquired these procedures are they able to demonstrate place learning.
Rats may be impaired in nonspatial learning while still being able to display spatial learning Saucier et al., 1996; Cain, 1997; Hoh and Cain, 1997) . Thus, an animal that is impaired in nonspatial learning once having acquired the nonspatial procedures during the place task may be less impaired in matching-to-place learning, which requires both the use of those procedures and spatial learning. Thus, we propose that the Dark Agouti rats are impaired in nonspatial learning, and this deficit masks the effects of an RS lesion. Nevertheless, once having acquired the nonspatial learning components of the task they are sufficiently skilled in place learning to perform the matching-toplace task, which does reveal a deficit produced by the RS lesion. Our evidence to support this hypothesis comes from the observation that several behaviors that are considered to be non-spatial learning errors, such as jumping, diving, deflections, floating, etc., , are exhibited by the Dark Agouti rats. These behaviors were most prominent during the first few trials of the place task after which they subsided, and very rarely reappeared during the matching-to-place task.
The fact that Dark Agouti rats display a deficit in nonspatial learning raises the possibility that the RS deficits observed on the place task in our study with Long-Evans rats, and previous studies using this strain (Sutherland et al., 1988; Whishaw et al., 2001 ) may only be the result of a non-spatial impairment. The current study provides four lines of evidence against this possibility. First, the Long-Evans RS group that received presurgical training, a procedure that provides nonspatial information (Whishaw, 1985a; Hoh and Cain, 1997) in the swimming pool was still impaired on the place task. Second, these rats also failed to exhibit behaviors typical of nonspatial impairment such as thigmotaxis, failure to detect the escape platform on contact, jumping off the platform, etc. Third, all groups of rats given an RS lesion, regardless of rat strain, were impaired on matching-to-place performance. Fourth, we examined the visual acuity of control and lesion rats in a visual grating task (Prusky et al., 2000) , and found visual acuity was normal. Thus, our lesion of RS did not invade primary visual cortex and so produce a visual impairment.
In the studies by the Aggleton group (Warburton et al., 1998) , it is reported that selective CG lesions produced an impairment in place learning. In the present study we tested a group of rats with CG plus RS lesions and found that this combined lesion group displayed an impairment similar in size to that of the RS group. It is possible that both CG and RS lesions produce a place leaning deficit, but that possibility was not further examined in the present study.
Conclusion
In conclusion, the results of the present study demonstrate that RS lesions produce a deficit in both the place task and the matching-to-place task, thus confirming that the RS is part of a neural circuit involved in spatial behavior. The deficit was not secondary to impairments in nonspatial learning, as pretraining on both tasks before surgery did not ameliorate the deficit. This study is also the first to demonstrate that an innate impairment carried by a rat strain can mask behavioral deficits produced by a brain lesion. Nevertheless, we demonstrate that by using appropriate testing procedures, it is still possible to unmask the negative performance displayed by the rat strain thus revealing the effects of the lesion.
